Flunitrazepam and diazepam in two different dosages (EDso, EDzs) were compared for their ability to protect Sabra race mice from convulsions induced either by lidocaine or bupivacaine injected intraperitoneally. While 10 o]'20 control mice injected with distilled water convulsed after both lidocaine and bupivacaine, nonconvulsed when pretreated with EDso flunitrazepam or EDso diazepam Survival rates were, however, significantly different depending on the pretreatment. Forty per cent of mJce died after the injection of lidocaine CDso (median convulsive dose) when pretreated with diazepam EDso, while none died when flunitrazepam EDso was used. Similarly, with bupivacaine CD ~o, mortality was higher (70 per cent) after pretreatment with diazepam EDso than with flunitrazepam El)so (20 per cent mortality). Diazepam ED~5 did not protect the mice against convulsions, which occurred in 30per cent of animals, 20 per cent of whom died in both local anaesthetic groups. Afler flunitrazepam ED2s, convulsions occurred in ten per cem of the bupivacaine group, but in none of those administered liclocaine. No mice died in any of the groups pretreated with flunitrazepam. These data suggest that flunitrazepam might be a safer agent than diazepam in preventing central n~rvous system toxicity due to local anaesthetics.
Regional anaesthesia is being increasingly used in modem anaesthetic practice but it is not without its dangers. ~-3 Local anaesthetic agents can produce toxic reactions which usually involve the central nervous or cardio-vascular systems. Toxic blood levels, which are due most often to inadvertent intravascular injection or excessive dosage, may result in overt convulsions followed by central nervous system (CNS) depression and/or cardiovascular collapse.
Recently it was discovered that the limbic portion of the brain, the amygdala in partJ.cular, is excited selectively by local anaesthetics J ,5 This led to the trial of benzodiazepine derivatives in raising the limbic seizure threshold; 2-4 diazepam, for instance, has been shown to raise two-fold the brain seizure threshold to lidocaine,6,7 an effect that has also been noted with lorazepam and midazolam, s Flunitrazepam has impressed us both experimentally and clinically by its excellent sedative, amnesic and muscle relaxation properties. 9-t l This study was undertaken to determine how flunitrazepam compares with diazepam in protecting mice against local anaesthetic-induced convulsions.
Material and Methods
One hundred outbred virgin female mice, weighing 27-30 gm were obtained at the age of eight weeks from the Jerusalem Hebrew University Laboratories. The animals were housed in colony cages (five in each cage) at 22~176 temperature, with 0600-1800 hours light-dark automatic cycle, and with free access to food and water. To avoid the influence of circadian rhythm on the effect of the drugs studied, all experiments were carried out between 0800-1100 hours, sA2 CAN In an earlier pilot study (unpublished data) of the same breed of mice, we determined the median effective doses (ED25 and EDso) ofdiazepam and of flunil/azepam and also the median convulsive doses (CD,~o) of lidoeaine and of bupivacaine, all after intrapefitoneal injection. The dose-response relationslhips were determIned by a simplified method of evaluating dose-effect experiments, as de-t3 scribed by Litchfield and Wilcoxon and the resulting data are shown in Table t .
In this study groups of 20 mice were injected intlaperitoneally with CDso doses of either lidoeaine or bupivacaine, three minutes after they had received the intraperitoneal injection of one of the following: 0.5 ml distilled water (control); ED2s diazepam; EDso diazepam; ED2s flunitrazepam; EDs0 flunitrazepam. The volume of injected drug was between 0.3-0.5n'd and the intraperitoneal irtjeelion was made in the left lower quadrant of the abdomen. The mice were used only once. Animals were evaluated prior to the seizure testing for evidence of sedation or ataxia. Mice that were flaccid and did not demonstrate increased muscle tone when picked up by hand were scored as 'sedated.' Those that showed a loss of fighting reflex were scored as 'ataxic.'
After the local anaesthetics were administered, convulsive behavioural changes were recorded as follows: running motions of the limbs, tonic arching of the tail, back and neck; duration of convul-sions; changes in colour of the paws; respiration; duration of sleep, recovery or death. All data were timed with a stop watch.
Lidocaine (plain, 20 mg/ml), bupivacaine (plain, 5 mg/ml) and diazepam (5 mg/ml) were used as supplied commercially. Flunitrazepam was diluted with distilled water to produce a fresh solution of 0.2mg/ml. Results were analysed by Student's t-test for paired data and significance assigned to p values less than O. 05.
Results
Absorption of the benzodiazepines from the peritoneum appeared to be rapid and the reactions noted after Edso doses of both flunitrazepam and diazepam were similar to those described as occurring in other breeds of mice after EDs0 of diazepam. 6-8 Thus, after one minute the mice ran along the walls of the cage with signs of agitation. The running was sometimes interrupted by episodes of calm with or without scratching of the face. After two minutes there were signs of muscle weakness, mostly in the lower limbs. By three minutes sedation was present in most of the animals, some of whom lost the righting reflex and fell asleep, at which stage the touch response on the hand was minimal or absent (details of mice behaviour are shown in Table u ).
When the smaller dosages (ED2s) of flunitrazepam or diazepam were injected, the reaction after the first two minutes was the same as described above except that after three minutes none of the mice in the ED25 groups lost their righting reflex and the response to die touch with the hand was moderate.
The change in convulsive behaviour after intraperitoneal injection of CDso of the two Meal anaesthetics can be seen in Table m. In the controa groups, who received only distilled water as pretreatment before the injection of lidocaine or bupivacaine, the reaction was consistent, viz: after one minute there was agitation with running along the walls of the cage and scratching of the face; after two minutes muscle weakness of the limbs occurred and after three minutes generalized convulsions. At first these were clonic and/or tonic of the limbs, associated with arching of the tail, followed by convulsions of the neck and back. Where convulsions were strong, the mice assumed the opisthotonic position with head and neck bent backward, arching of the back and extension of the limbs. Respiration between seizures was gasping and the animals were frequently cyanotic. The convulsions were faster in onset with lidocaine but were very much stronger after bupivacaine, so much so that the convulsing mice appeared to be jumping in the air, a feature not seen in the lidocaine group. The duration of convulsions and of sleep were also significantly (p < 0.05) longer in the bupivacaine than in the lidocaine group. When distilled water wa~ used for pretreatment (control) three out of ten animals died in the lidocaine group and seven died in the bupivacaine group. Convulsions occurred after diazepam ED2s in three of the ten mice given intraperitoneal lidocaine, while no convulsions were noted when pretreatment was with the stronger dose (EDso) of diazepam or with both dosages (ED2s and ED~o) of flunitrazepam. Mortality also varied. After lidocaine, four of the ten mice pretreated with EDso diazepam and two of the ten pretreated with ED2s diazepam died, but none of the animals pretreated with fltmitrazepam in either dose (ED25 and EDso) died. As regards bupivacaine, seven of the ten mice pretreated with diazepam ED~o died as did two of the ten pretreated with diazeparn ED2s. In those pretreated with flunitrazepam the mortality with ED25 was one often mice and two of ten with ED~o. Duration of sleep was significantly (p < 0.05) shorter in the control groups pretreated with distilled water than those which received diazepam or flunitrazeparn. The duration of sleep was not significantly different (p < O. 1) between the treatment groups.
Discussion
Intravenous diazepam is widely used as the recommended pretreatment drug in all types of regional anaesthesia. 1'2 It is not, however, without its own side effects, the most frequent one being thrombophlebitis, when injected intravenously, m Recently we reported that flunitrazepam in dilute form, given by slow i.v. injection, did not lead to this complication. 1~ Flunitrazepam has, in addition, been claimed to be superior to diazepam with respect to sedation and amnesia ~7 and has successfully been used as an adjuvant in local and regional anaesthesia. 18.~9
Robinson and Jenkins 2~ in their study of the side effects of bupivacaine, noted that cats pretreated with diazepam all developed cardiac dysrhythmias during bupivacaine infusion. While this may have been a pure bupivacaine effect, it could possibly have been related to a diazepam-induced respiratory acidosis, 21 which is known to increase the CNS toxicity of local anaesthetics. 4 Benzodiazepines prevent the spread of seizure discharges in the limbic system by activating the inhibitory pathways with gamma-aminobutyric acid (GABA), though their effects on the cardiorespiratory system are not uniform.
The results of this study indicate that flunitra-zepam by intraperitoneal injection protected Sabra race mice against local anaesthetic-induced convulsions at least as effectively as did diazepam. This, together with the much better survival rates of the mice administered bupivacaine or lidocalne, who were pretreated with flunitrazepam rather than diazepam, may indicate that flunitrazepam could be the safer of the two benzodiazepines. However, further studies in larger animals will be needed to confirm this possibility. We are not yet in a position to explain how fluniu'azepam lessens the mortality of mice administered local anaesthetics, as compared with diazepam, but we feel it not unreasonable to suggest that in the doses used, flunitrazepam might produce less cardio-vascular and/or respiratory depression than diazepam,
On a compar~ deux diff~rentes doses de flumtrazepam el de diazepara (EDso, ED25) pour leur facult~ de proMger les souris de souche Sabra des convulsions provoqu~es soit par la lidocaine ou ta bupivacaine, injectdes dam la caviM intrap~ritondale. Dix des 20 souris de contr6le injectdes avec de l'eau distillde apr~s infusion de lidocaine et de bupivacaine convulse'rent, aucune ne convulsa avec le traitement antdrieur avec ED~o de flunitrazepam ou EDjo de diazeparn. Le taux de survie ~tait cependant significativement diffdrent d~pendant du traitement. Quarante pour cent des souris sent metres apr~s g'injection de lidocaine CDao (la dose moyenne de convulsion) lorsque l' on traita ces souris anMrleuremem avec le diazepam EDso, cependant, aucune ne mourut aprds injection de flunitrazepam
EDso. Une situation analogue se produit avec la bupivacaine CDjo ot~ le taux de mortalit~ est ptus dlevd (70 pour cent) apr~s trai~ement ant~rieur au diazepam EDso mais pas avec le flunitrazepam EDso (20 pour cent de mortalitd). Le diazepam ED25 ne protdge pas les souris contre les convulsions qui se produisent chez 30 pour cent des animaux, 20 pour cent des souris sont mattes chez les deu, x groupes recevant l'anestht~sie locale. Aprds l' injec~ion de flunitrazepam ED25, tes convulsions se produisent chez le groupe recevant dix pour cent de bupivacaine mais aucune convulsion ne se produisit chez les souris recevant la hdacaine. On ne rapporte aucune mortalit~ chez les sauris recevant te traitement ant~rieur de flunitrazepam. Ces donn$es suggdrent donc que te flunitrazepam est susceptible d'etre un agent sans action nuisible et mains dangereux que le diazepam pour la prdvention de la toxicitg du systdme nerveux central engendr(e par l'anesthdsie locale.
